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Abstract 
Motion or self-induced forces can cause the aeroelastic instability phenomenon called flutter. Flutter stability is an important 
design criterion for long span bridges, because flutter leads to large vibration amplitudes or even the total collapse of the bridge. 
The flutter derivatives are the essential parameters in the estimation of the critical flutter wind speed. The aerodynamic 
derivatives, also known as flutter derivatives, are coefficients of the mathematical model for the aeroelastic forces. These 
coefficients are expressed in a non dimensional form and used to determine the flutter analysis of flexible bridges. One of the 
coefficients is A2ȗ, this coefficient provides very useful information to judge and compare the aerodynamic stability. In order to 
determine the flutter derivatives, the wind tunnel tests using sectional model are very common. In the present work, the free 
vibration test method is used to extract the flutter derivatives of the Musi III cable stayed bridge. Estimated the A2* coefficient 
changes from negative to positive values around u/fb = 2.5, this value indicates, that the bridge was in a stable condition at the 
value for u/fb below 2.5. To improve the stability of the bridge, the shape of this bridge deck should be modified. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of The 5th International Conference of Euro Asia Civil Engineering 
Forum (EACEF-5). 
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1.  Introduction 
The dynamic response prediction for long-span bridges, subjected to wind, is a complex problem. The incident of 
the Old Tacoma Narrows Bridge (USA, 1940) under a relatively low wind speed highlighted the importance of 
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sound aerodynamic design against bridge flutter, a self-induced periodic motion with divergent amplitudes leading 
to the destruction of the structure that occurs when the critical wind speed is exceeded. Motion or self-induced 
forces can cause the aeroelastic instability phenomenon called flutter. Flutter stability is an important design 
criterion for long span bridges, because flutter leads to large vibration amplitudes or even the total collapse of the 
bridge. 
In aeroelastic stability analysis of a flexible bridge, the flutter derivatives are the essential parameters in the 
estimation of the critical flutter wind speed. The unsteady aerodynamic forces due to the bridge deck motion are 
usually expressed in flutter derivatives [1]. The flutter derivatives are found to be functions of the cross section 
geometry of the bridge deck and the reduced wind speed. The experimental method used for the determination of the 
flutter derivatives can be grouped into free or forced vibration method. Over the years, analytical and numerical 
methods have been developed and successfully applied to the quantification of the loading and simulation of the 
response [1]. 
The paper presents its intension on the aerodynamic derivatives for the detail design of Musi III Bridge.  The 
MUSI III bridge is a cable-stayed bridge, which is part of the Musi - III highways and bridges in the province of 
South Sumatera ( Palembang ). The bridge has a designed span length of 1000 m and a width of 30 m. While the 
navigational clearance height and a width is 51 m and of 400 m, the actual height at mid-span is 53,667 m (Fig.1).  
 
Longitudinal section 
 
Cross section 
 
Fig. 1. Prototype of Musi III Bridge 
2. Design of The Experimental Apparatus 
The experimental tests were conducted in the INDONESIAN LOW SPEED TUNNEL (ILST), in a circuit of a 
closed return type with atmospheric and closed walled test sections of wind tunnel. The wind tunnel has a working 
section of 4 meters in width, 3 meters in height and a total of 10 m in length. The maximum attainable wind speed 
inside the empty test section is 110 meter per second Section Model Test. A reduced scale of 1/50 was chosen, 
giving the model a width of B = 0,59 m. The properties of the structure and model are shown in Table 1.  
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Table 1 Structural properties of prototype and model 
Properties prototypemodel 
Width  (m) 29,60 0.592 
Depth  (m) 3,00 0.06 
Bending natural frequency  fK(Hz) 0.2995 9,0 
Torsional natural frequency  fI(Hz) 0.6404 19,5 
fIfK 2,1 2,1 
 
The measurement of the aerodynamic responses to bending and torsional mode for the sectional model was 
carried out, where the angle of attack D = -3o, 0o and +3o. The centre of rotation was assumed at the location 
between the centre of gravity and the shear centre. The model with a length of 1,2 m and width of  0,592 m was 
suspended by eight coil springs to enable vertical and torsional motions (Fig.2).  
 
 
Fig, 2. Experimental set up 
3. Identification of Aerodynamic derivatives 
Flutter derivatives of bridge decks are essential parameters necessary to the flutter analysis of flexible bridges 
such as long-span suspension bridges. In a theoretical and experimental study by Scanlan and Tomko [2], a method 
of extracting flutter derivatives of bridge decks from free vibration data was discussed in detail. This method 
consists of two stages: first, uncoupled terms are obtained separately from pure vertical and torsional free 
oscillations; and secondly, coupled terms are obtained from coupled oscillation data. The motion equations of a 
bridge deck section in smooth wind flow in a wind tunnel can be written according to the flutter analysis theory 
developed by R.H. Scanlan [2] as follows: 
   aehhh Lhhhm   2ZZ9         (1a) 
  aeMI   DZDZ9D DDDD 2       (1b) 
where m and I are the modelÿs mass and mass inertia moment per unit length, respectively, ]h and ]D are the 
mechanical damping ratios in bending and torsion, respectively, Zh and ZD are the corresponding natural mechanical 
frequencies, h and D are the vertical bending displacement and torsion angle, respectively, while¸ Lse and M se are the 
aerodynamic self-excited force and moment, respectively, given by 
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Fig. 3. Aerodynamic derivates 
Based on the results of experiments, aerodynamic derivatives were determined using the equation (1) and (2) 
proposed by Scanlan and Tomko [2].  Figure 3 shows the aerodynamic derivatives, which were determined from 
free vibration tests with an angle of attack α = 3o. 
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The A2* coefficient is an indication of the torsional stability of a bridge section having the vertical motion 
restrained. This coefficient proves to be a very useful to judge and compare the aerodynamic stability. A steep 
negative slope is an indication of torsional stability. At high wind velocity, the flutter derivatives cannot be 
identified accurately because the aerodynamic damping of the vertical-dominant mode is too high to obtain vibration 
data enough for the identification, this is in accordance with the results shown by Iwamoto [3]. Estimated the A2* 
coefficient changed from negative to positive value around u/fb= 2.5. It shows the bridge was stable with the value 
of u/fb below 2.5. The bridge deck cross-sectional shape modifications are needed to improve the stability of the 
bridge.  
4. Conclusion 
In accordance with the results of experiments showing the bridge in a stable condition at the value of u/fb= 2.5. 
At high wind velocity, the flutter derivatives cannot be identified accurately because the aerodynamic damping of 
the vertical-dominant mode is too high to obtain vibration data enough for the identification. 
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